Domains in serum albumin responsible for platelet aggregation  by Imada, Teruaki et al.
Volume 134, number 2 FEBS LETTERS November 1981 
DOMAINS IN SERUM ALBUMIN RESPONSIBLE FOR PLATELET AGGREGATION 
Teruaki IMADA, Yuji SAITO and Yuji INADA 
Laboratory of Biological Chemistry, Tokyo Institute of Technology, Ookayama, Meguroku, Tokyo 152, Japan 
Received 3 September 1981 
1. Introduction 
Serum albumin is the most abundant protein in 
blood. This protein is unique in that it does not have 
single specific function but a number of physiological 
roles. They include regulation of osmotic pressure, 
transportation of hydrophobic substances such as 
fatty acids, and an enzyme-like activity [l-3]. It is 
believed from biochemical and physico-chemical 
studies that serum albumin has a limited number of 
binding sites for fatty acids and that the binding of 
fatty acids induces conformational changes of the pro- 
tein [4-71. In spite of intensive studies, however, the 
relationship between a function and the structure has 
never been thoroughly understood. 
We have also demonstrated one other biological 
function of bovine serum albumin which is the spe- 
cific aggregation of washed platelets [8,9]. Here, we 
show that there might be two domains in serum albu- 
min; one is responsible for binding with platelets 
(binding site) and the other is for actual aggregation 
(aggregating site). The former is not affected by the 
fatty acids but fatty acids are necessary for the latter 
to function. 
2. Materials and tiethods 
A crude preparation of serum albumin from bovine 
blood (Cohn fraction V) was purchased from Nutri- 
tional Biochemicals and was purified by gel-filtration 
with Sephadex G-l 50. Fatty acids were removed from 
serum albumin preparation by the charcoal treatment 
in [lo]. Serum albumin was alkali treated by incubat- 
ing at pH 13.1 with 1 N NaOH for 2 h at room temper- 
ature and pH of the solution was lowered to 7.35 using 
1 N HCl. The concentration of serum albumin was 
determined spectrophotometrically, using the molar 
extinction coefficient of bovine serum albumin, 
e=4.48X 104at279nm. 
The total amount of fatty acids in serum albumin 
was determined by extraction of fatty acids followed 
by alkali-titration [ 111. The composition of fatty 
acids was determined by gas-liquid chromatography 
(10% diethylene glycol succinate) after extraction 
and methylation [ 121. 
Washed platelets from bovine blood were obtained 
as in [ 131. Platelet aggregation was measured with a 
Shimadzu MPS-5000 recording spectrophotometer 
equipped with a specially designed cylindrical cuvette. 
A platelet suspension (0.5 ml) (2-3 X 10’ cells/ml) 
was placed in the cuvette and incubated at 37°C for 
20 min. Then a mixture (0.1 ml) of ADP, Ca” and 
serum albumin was added to the suspension. Immedi- 
ately after the addition, the absorbance change at 
600 nm caused by aggregation was recorded with 
time [ 141. The degree of aggregation was expressed 
conveniently in terms of the maximum absorbance 
decrease at 600 nm, aA,,. 
3. Results and discussion 
Table 1 shows the contents and compositions of 
fatty acids in serum albumin before and after the 
defatting. Serum albumin had 3.0 mol fatty acids/m01 
protein and its composition was essentially the same 
as those in [ 151. On the other hand, defatted serum 
albumin contained only 0.1 mol fatty acid. Phospho- 
lipids were not detected in the serum albumin prepa- 
ration used. 
Using these two preparations of serum albumin, the 
aggregation of washed platelets was examined. Fig.1 
shows the effect of serum albumin concentration (left 
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Table 1 panel) or [Ca”] (right panel) on aggregability. This 
Composition and content of fatty acids in serum albumin and rather high [Ca2’J needed for the aggregation may be 
defatted serum albumin due to the chelation by citrate in the medium. Curves 
Fatty acids Normal” Defatteda A and B show the aggregability in the presence of 
serum albumin and defatted serum albumin, rcspec- 
Myristic acidb (C, ,) 0.05 
Palmitic acid (C,,) 0.12 
Stcaric acid (C,,) 0.85 
Oleic acid (C,,,,) 0.74 
Linoleic acid (C,,,,) 0.61 
. . 
Arachrdrc acrd (C,,) 0.01 
Arachidonic acid (C,,,,) 0.11 
Total fatty acidC 3.0 
a Moles fatty acid in a protein molecule 
b Determined by gas-liquid chrondatography 
’ Determined by alkali titration; not detected 
_d 
0.04 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
0.1 
tively. Serum albumin (fig.lA) induced the strong 
aggregation while defatted serum albumin did not 
(fig.1 B). 
Although we have demonstrated the importance of 
fatty acids for serum albumin to aggregate washed 
platelets, we could not positively distinguish so far 
whether fatty acids themselves or the protein with a 
particular conformation brought about by the binding 
of fatty acids cause the aggregation. Spectroscopic 
methods showed that the binding of hydrocarbon 
derivatives including fatty acids to serum albumin 
alters some conformation of the protein [4,5]. In [6], 
the protein shape change was shown to be induced by 
0 4.0 0.0 12.0 0 5.0 10.0 15.0 
Concentration of albumin Concentration of Ca*’ (mM) 
Fig.]. Left and right panels show the effect of [serum albumin] and [Ca’+] on aggregability, respectively. Serum albumin, ADP 
and Ca’+ were added to the washed platelet suspension simultaneously. Final concentration of ADP and Ca2+ in the left panel 
were 5.0 /IM and 10.0 mM, respectively, and that of ADP and serum albumin in the right panel were 5.0 PM and 12.4 PM, respec- 
tively. In both figures, curves A and B represent normal and defatted serum albumin, respectively. 
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fatty acid binding. Even if fatty acids themselves 
cause the aggregation of washed platelets observed in 
fig.1, this aggregation is different from the well 
known aggregation induced by free fatty acids includ- 
ing arachidonic acid [ 16-191. The amount of fatty 
acids necessary for the aggregation was reduced by 
factor of 100-1000 by combining with serum albu- 
min. This may imply that there ought to be specific 
and efficient binding of serum albumin to platelets to 
facilitate the aggregation. 
The next experiment was concerned with whether 
defatted serum albumin inhibits the aggregation of 
washed platelets caused by normal serum albumin. 
Since the aggregability used here (a4 ,,,& is roughly 
proportional to the initial velocity of the aggregation, 
we have decided to use AA,, as a convenient mea- 
surement of the initial velocity. Fig.2 (left panel) 
represents the aggregability of washed platelets when 
various amounts of serum albumin were added to a 
platelet suspension containing ADP and Ca2+ with a 
fixed amount of defatted serum albumin. These 
reagents were all added to the suspension simulta- 
neously. The aggregability was enhanced by increasing 
the serum albumin concentration and was lowered by 
defatted serum albumin. The double reciprocal plots 
of the aggregability (1 /aA max) against the concentra- 
tion of serum albumin (l/ [serum albumin]) were 
shown in fig.2 (right panel). Straight lines A-D cor- 
respond to curves A-D in the left panel; they inter- 
sected at a point on the vertical axis. 
We can conclude that the aggregability has a finite 
maximum value; there ought to be a limited number 
of interacting sites between a platelet and serum albu- 
min molecules. Furthermore, the defatted serum albu- 
min competitively inhibits this specific interaction. 
The Michaelis constant (Km) for serum albumin and 
the inhibitor constant (Ki) for defatted serum albu- 
min were determined to be 0.48 and 0.60 PM, respec- 
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Fig.2. Inhibitory effect of defatted serum albumin on the aggregation induced by normal serum albumin. Normal and defatted 
serum albumin, ADP and Ca*+ were added to the platelet suspension simultaneously. Final concentration of ADP and Ca’+ were 
6.3 PM and 6.3 mM, respectively. The concentration of normal serum albumin was indicated on the abscissa in the left panel. 
Defatted serum albumin concentrations were 0, 3.1, 4.7 and 6.2 PM in curves A-D, respectively, in both panels. The right panel is 
double reciprocal plots of the left panel. 
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tively and they were very close each other. The char- 
coal treatment, therefore, does not seem to affect the 
interaction drastically. Removal of fatty acids from 
serum albumin abolished the aggregation but did not 
affect the affinity of the protein for platelets. Alkali 
treatment of serum albumin. on the other hand, 
brought about a total loss of not only the aggregabil- 
ity but the inhibitory effect (not shown); this treat- 
ment brings about the denaturation of even the inter- 
acting sites of the molecule. It was shown in [20,21] 
that there was no transfer of fatty acids from serum 
albumin to defatted one when the equal amounts of 
these two preparations of serum albumin were incu- 
bated at 37°C for 20 min (not shown). 
It is clear from fig.2 that platelets and serum albu- 
min should have a limited number of specific sites 
which would tit each other like an enzyme and a sub- 
strate. If fatty acids are in the site of serum albumin 
molecule, the removal of fatty acids would affect the 
interaction between platelets and serum albumin and 
values ofK, and k’i would differ from each other con- 
siderably. The most plausible explanation we could 
give then is that there are 2 domains in the protein; 
one is responsible for binding with a platelet (binding 
site); the other is for actual aggregation (aggregating 
site). Charcoal treatment may bring a local conforma- 
tional change near the aggregating site (or simply 
removing fatty acids) but binding site is not affected 
by this treatment. However, alkali treatment of serum 
albumin brings about the denaturation of even the 
binding site. As to the aggregating site, we are not sure 
yet whether this is a domain with a specific confor- 
mation brought about by fatty acids or fatty acids 
themselves bound to specific sites in the protein. 
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